Endogenous cannabinoid Fatty acid amide hydrolase (FAAH) N-arachidonoyl ethanolamine (anandamide) Cannabinoid CB 1 receptor Rimonabant (SR141716) Learning and memory Barnes maze a b s t r a c t It is well established that genetic deletion or pharmacological inhibition of the CB 1 receptor disrupts extinction learning in aversive conditioning tasks, but not in appetitive tasks. Consistent with these findings is that genetic deletion or pharmacological inhibition of fatty acid amide hydrolase (FAAH), the primary catabolic enzyme of the endogenous cannabinoid anandamide (AEA), accelerates acquisition as well as extinction in aversive conditioning tasks. However, it is unknown whether FAAH blockade will affect acquisition in an appetitive conditioning task. Therefore, in the present study, we assessed FAAH (À/À) and (+/+) mice in appetitive and aversive Barnes maze conditioning procedures. Here we report that FAAH (À/À) mice displayed accelerated acquisition rates in an aversively-motivated, but not in the appetitively-motivated, Barnes maze task. The CB 1 receptor antagonist, rimonabant attenuated enhanced acquisition in the aversive procedure, consistent with the idea that elevated AEA levels mediate this apparent nootropic effect. These findings support the hypothesis that stimulation of the endocannabinoid system enhances learned behavior in aversive, but not appetitive, conditioning paradigms.
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Constituents of the endocannabinoid system, including the cannabinoid receptor 1 (CB 1 ), the endocannabinoids 2-arachyldonyl glycerol (2-AG) and anandamide (AEA), and enzymes responsible for the biosynthesis and degradation of endocannabinoids (Ahn, McKinney, & Cravatt, 2008) are present throughout the brain, including regions involved in learning and memory. It is established beyond a doubt that cannabinoid receptor agonists impair short term memory (Lichtman, Varvel, & Martin, 2002) . Paradoxically, genetic deletion or pharmacological inhibition of fatty acid amide hydrolase (FAAH), the predominant catabolic enzyme of AEA, accelerates acquisition in aversive conditioning tasks. FAAH (À/À) mice or wild type mice treated with the reversible FAAH inhibitor OL-135 displayed facilitated acquisition and extinction learning in a fixed platform Morris water maze task (Varvel, Wise, Niyuhire, Cravatt, & Lichtman, 2007) . Likewise, the irreversible FAAH inhibitor, URB597, enhanced memory acquisition in a rat passive avoidance task (Mazzola et al., 2009 ). Additionally, AM404, an inhibitor of endocannabinoid uptake and degradation, facilitated extinction learning in conditioned freezing tasks (Chhatwal, Davis, Maguschak, & Ressler, 2005; Pamplona, Prediger, Pandolfo, & Takahashi, 2006) . Thus, elevating endogenous cannabinoid levels by blocking degradation produces qualitatively different effects on learning and memory compared to administration of exogenous cannabinoids that interfere with mnemonic processes.
Several studies have shown that CB 1 (À/À) mice as well as mice treated with cannabinoid receptor antagonists display impaired extinction learning in aversively-motivated tasks, including conditioned freezing, passive avoidance, and Morris water maze paradigms (Chhatwal et al., 2005; Marsicano et al., 2002; Niyuhire et al., 2007; Pamplona et al., 2006; Suzuki et al., 2004; Varvel, Anum, & Lichtman, 2005) . However, cannabinoid receptor antagonists do not disrupt extinction learning of appetitively-motivated operant tasks (Holter et al., 2005; Niyuhire et al., 2007; Ward, Walker, & Dykstra, 2007) . Recently, we reported that the CB 1 receptor antagonist rimonabant disrupts extinction learning in an aversive, but not in an appetitive, Barnes maze conditioning task (Harloe, Thorpe, & Lichtman, 2008) . Therefore, the primary objective of the present study was to determine whether FAAH (À/À) and (+/+) mice display distinct phenotypes in these different versions of the Barnes maze tasks. In addition, we used the selective CB 1 receptor antagonist, rimonabant, to examine underlying receptor mechanisms of action that might account for performance differences between the two genotypes.
FAAH (À/À) and (+/+) mice, born in the Virginia Commonwealth University knockout colony and derived from breeders backcrossed onto a C57Bl/6 J background for 13 generations, served as subjects (Lichtman, Shelton, Advani, & Cravatt, 2004) . The mice were singly housed in a temperature-controlled (20-22°C) environment, with
